Different metabolic profiles as well as comorbidities are common in people with Down Syndrome (DS). Therefore it is relevant to know whether micronutrient levels in people with DS are also different. This systematic review was designed to review the literature on micronutrient levels in people with DS compared to age and sex-matched controls without DS. We identified sixty nine studies from January 1967 to April 2016 through main electronic medical databases PubMed, Scopus, and Web of knowledge. We carried out metaanalysis of the data on four essential trace elements (Cu, Fe, Se, and Zn), six minerals (Ca, Cl, K, Mg, Na, and P), and five vitamins (vitamin A, B9, B12, D, and E). People with DS showed lower blood levels of Ca (standard mean difference (SMD) = −0.63; 95% confidence interval (CI): −1.16 to −0.09), Se (SMD = -0.99; 95% CI: -1.55 to -0.43), and Zn (SMD = -1.30; 95% CI: -1.75 to -0.84), while red cell levels of Zn (SMD = 1.88; 95% CI: 0.48 to 3.28) and Cu (SMD = 2.77; 95% CI: 1.96 to 3.57) were higher. They had also higher salivary levels of Ca (SMD = 0.85; 95% CI: 0.38 to 1.33) and Na (SMD = 1.04; 95% CI: 0.39 to 1.69). Our findings that micronutrient levels are different in people with DS raise the question whether these differences are related to the different metabolic profiles, the common comorbidities or merely reflect DS.
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Introduction
Mg, Na, and P), and six vitamins (vitamins A, B9, B12, C, D, and E) in whole blood, red cells, plasma, serum, hair or saliva among people with DS and simultaneously in age, sex, and race matched healthy controls. We identified relevant studies from January 1967 to April 2016 by searching electronic medical databases, PubMed, Scopus, and Web of knowledge (S1 Text). To find additional studies, we also checked reference lists of all relevant articles.
Original articles were included if they met both criteria; 1) they did measure levels of micronutrients in the samples we study (whole blood, plasma, serum, red cells, hair and saliva) in people with DS and healthy controls, and 2) provided results, including the total number of subjects and controls with mean and standard deviation (SD). We also included studies providing sufficient data (such as median, first quartile, and third quartile, or median and range, or median and standard error) to calculate mean and SD. We excluded studies that measured protein or mRNA expression of micronutrients in tissues or samples other than red cells.
We extracted from each included publication; first-named author, year of publication, location of study, the assay that was used for micronutrient measurement, type of specimen taken from subjects, number of subjects and controls, demographic characteristics, mean ± SD of the micronutrient levels and the used scale of micronutrient levels.
We performed all of the statistical analyses using Review Manager Version (Version 5.3. Copenhagen: The Nordic Cochrane Centre, the Cochrane Collaboration, 2014). As explained elsewhere [28] , we created the continuous type of outcome and entered the number of participants in subject and control groups and the mean and SD of the micronutrient levels. Fixed effects and random effects were interchangeably used as the analysis model. Heterogeneity was determined using Q statistic tests and the I 2 index. According to the Cochrane guidelines, an I 2 less than 40% would mean that the inconsistency across studies is not important. In this case, we planned to use the fixed effects model. If the I 2 estimates fluctuated more than 40% we intended to use the random effects procedure as the analysis model. As well, the standardized mean difference (SMD) and mean difference (MD) were interchangeably used for measurement of effect. The SMD was applied if studies used different measurement scales or assays. Otherwise we used the MD for measurement of effect. Publication bias was assessed when there were five or more than five studies using the degree of funnel plot asymmetry. A P value less than 0.05 was considered significant.
Study selection and data extraction
As recommended by the PRISMA guidelines and graphically illustrated in Fig 1, the study selection is a procedure composed of four main steps: identification, screening, eligibility, and inclusion. The "identification" step aimed at acquisition of all the relevant papers is a process including forward and backward searches and then removal of duplicate records. The "screening" step is to screen results based on title and/or abstract. The apparently relevant papers are examined by the authors for "eligibility". The final step is to include articles that met eligible criteria in systematic review and in meta-analysis if applicable. The initial search resulted in 4,656 records (Fig 1) . After removing duplicate publications (n = 1,450) and excluding reviews, letters, editorials, or book chapters (n = 701), 2,505 discrete manuscripts were identified for review. Of these, 2,388 publications were excluded based on title and/or abstract. We reviewed the remaining 117 publications. Based on detail review, we excluded 40 additional publications: eight articles were excluded because they did not report adequate data [29] [30] [31] [32] [33] [34] [35] [36] another eight because a healthy control group lacked [37] [38] [39] [40] [41] [42] [43] [44] . One was a duplicate record [45] . Some abstracts or titles were likely to be related, but the full texts were not available to obtain sufficient data for analysis or to ensure they were relevant . Eventually, sixty nine studies were included . Meta-analysis was performed when there were three or more comparisons regarding the title. Thus we could not carry out quantitative synthesis when there were less than three comparisons. Characteristics of included studies are summarized in S1, S2 and S3 Tables.
Quality assessment
We appraised the quality of included studies using the Newcastle-Ottawa Scale (NOS) designed for observational studies [146] . The NOS is composed for the assessment of three main aspects of observational studies; sample selection, comparability of cases and controls, and exposure. Using this scale, possible scores range from 0 to 9. Studies with scores of 7-9 stars have the lowest risk of bias and represent the highest quality, whereas studies with scores less than 4 stars have the highest risk of bias and the lowest quality. Studies with scores of 4-6 stars have the moderate risk of bias and quality.
Results
More than thirty meta-analyses were performed and the S4 meta-analysis of sixteen comparisons involving 804 participants revealed lower blood Se concentrations in people with DS. Additionally, blood Ca was decreased. But salivary levels of Ca and Na were increased (Table 1) .
Discussion
The present systematic review was designed to review current literature on micronutrient levels in people with DS compared with controls. We identified sixty nine studies by electronic medical databases up to April 2016. Meta-analysis was performed if there were three or more comparisons regarding the title. Accordingly we were able to carry out meta-analysis of data regarding four trace elements (Cu, Fe, Se, and Zn), six minerals (Ca, Cl, K, Mg, Na, and P), and four vitamins (vitamin A, B9, B12, D, and E). As noted in Table 1 , people with DS had lower blood levels for Zn, Se, and Ca and higher red blood cell levels for Cu and Zn (Figs 2-14) . Also, lower hair levels of Zn and higher salivary levels of Ca and Na were found. No differences were found between cases and controls with regard to Cl, Fe, K, Mg, P, and vitamin levels. We found evidence that micronutrient status is different in people with DS for the trace elements Cu, Se, and Zn and also for the minerals Ca and Na. Amino acid abnormalities and high parathyroid hormone (PTH) levels may be implicated in micronutrient changes in people with DS. The important consequences (including thyroid dysfunction, immune disorders, and growth abnormalities) that will follow from this condition are among the most common comorbidities in people with DS.
Causes
Amino acid abnormalities. Analysis of amniotic fluid indicated elevations in essential amino acid levels in the DS group compared to the healthy group. This might reflect profound amino acid deficiency in fetuses with DS as demonstrated in cortical tissues [147] . Deficiency of essential amino acid persists in the elderly people with DS [148] . Therefore, people with DS display altered amino acid profile from gestation throughout lifetime. Abnormal amino acid metabolism might predispose individuals to serious health problems, importantly brain and behavior disorders. This might explain why dementia occurs more frequently and earlier in people with DS [149] . Additionally amino acids and their binding to trace elements (notably Zn) help maintain proper trace elements levels [150, 151] . Histidine is among amino acids which particularly contribute to the formation of amino acid-metal complex. Studies have shown reduction in histidine levels in brain tissues of people with DS [152] . Thus, amino acid abnormalities might increase urinary excretion of Zn and thereby causing Zn deficiency in people with DS. On the other side, since the trace element Se takes part in the formation of some amino acids [153] , its deficiency might in turn exacerbate amino acid abnormalities related to the DS and relevant sequelae, for example Zn deficiency. While the uptake of metals in red blood cells appears to be increased as Zn and Cu levels on red blood cells were elevated. Elevation in these metals implies increased activity of CuZn superoxide dismutase enzyme in red blood cells from people with DS [154] .
Parathyroid hormone (PTH). It is able to inhibit proximal reabsorption of ions such as Ca and Na [155] and as well to induce salivary secretion of these electrolytes [156] . Therefore elevated salivary levels of Ca and Na might reflect high PTH levels which have been found in individuals with DS [142] . Additionally, high salivary calcium concentrations are suggested as an indicator of osteoporosis [157] and orthopedic problems and low bone mineral density (BMD) are among the most frequently encountered problems in people with DS [158] . Therefore high salivary calcium levels might represent low calcium concentrations in the extracellular fluid, leading to increase in PTH levels and thereby reducing BMD in people with DS. As expected, Ca supplementation could be effective in reducing PTH concentrations and in improving bone turnover in people with DS [159] .
Other. There are other physiological characteristics related to the DS that may case trace element changes. Of note, many proteins [160] take part in Zn homeostasis [161] and therefore any changes related to these proteins are reflected by altered Zn concentrations. Particularly metallothioneins which are low molecular weight metal-binding proteins have affinity to specific metals (favourably Cu and Zn) and thereby affecting absorption, distribution, and metabolism of these metals [162] .
Animal model of DS showed that higher levels of metallothionein 3 in trisomic astrocytes [163] might justify lower free Zn concentrations. The Cu transport is mediated by carriers, importantly the Cu transporter (Ctr) 1. Intestinal malabsorption of Cu induced by deficiency of the Ctr1 gene in murine intestinal cells resulted in tissue copper accumulation [164] . It has to be investigated if intestinal absorption of Cu in people with DS is impaired. Meanwhile the concentrations of superoxide dismutase (SOD1) are elevated in red cells from people with DS [144] . High Cu and SOD1 levels in red cells might lead to oxidative stress and cell degeneration [165] . Because even regular exercise was not helpful in reducing SOD1 levels [166] , it seems that effort must be shifted towards preventing Cu/Zn accumulation in red cells. However, regarding Se, the dietary intake is suggested as the best determinant of Se status and Se, with a few exceptions (e.g. parenteral nutrition and the acquired immunodeficiency syndrome), is well-absorbed [167] . Therefore low Se levels in people with DS seem to be the result of inadequate intake. Altogether, at the moment, health professionals must consider assessment of micronutrients (especially Zn) in management of comorbidities and in prevention of potential complications people with DS may develop. When prescribing nutritional supplements, physicians should be aware of all the drugs the patient is taking and be vigilant for the occurrence of toxic effects as well [168, 169] .
Consequences
Thyroid dysfunction. People with DS are a vulnerable group to thyroid disorders [170] . Thyroid dysfunction may be a cause of lower intellectual function [171] and lower basal metabolic rate [172] . It is, thus, of importance to identify the causes responsible for this condition. Deficiency of either the trace element Zn [172, 173] or Se [173, 174] can cause impairment in thyroid hormone metabolism. Zn supplementation has proved to be promising in improvement of thyroid function in people with DS and low Zn levels [175, 176] . With regards to Se supplementation, the effect was modest in the general population [177] . It has not been assessed yet whether Se therapy can improve thyroid function in people with DS or not.
Immune disorders. Immunodeficiency, infectious diseases, and autoimmune disorders are frequently observed among people with DS [178] to the extent that the DS is expressed as a model of immunodeficiency [179] . Persistent Zn deficiency can lead to inflammation, exacerbating clinical status of patients who suffer from inflammatory and autoimmune diseases [180] . While Se deficiency has been frequently linked with development and exacerbation of viral infections and related complications, e.g. cardiomyopathy [181, 182] .
Growth abnormalities and orthopedic issues. Ca plays a crucial role in bone growth and in muscle mineralization and its deficiency may cause osteoporosis or osteomalacia [183] . In addition Zn is involved in osteogenic activity and its deficiency might cause or aggravate growth abnormalities in people with DS [184] .
Possible effects of ages and gender
Among studies included in the present meta-analysis, few studies have examined the effect of age [78, [82] [83] [84] 185] and/or gender [78, 82, 93, 107] on micronutrient status in people with DS, of which most were related to blood Zn measures. These studies showed that females and males with DS do not differ in Zn levels. However evidence was not conclusive with regards to the effect of age on Zn levels. One study showed that compared with healthy children without DS, children with DS had lower Zn levels, which were closely comparable to those observed in elderly healthy people without DS [84] . Additionally, one study demonstrated that Se concentrations in plasma and erythrocyte tend to increase with age in people with and without DS. They also tend to be higher in women than men [108] . Other studies indicated no effect of age or gender.
Future directions
A limitation of all such meta-analyses is that they cannot directly clarify the cause and effect. More clearly it has not been answered yet whether micronutrient differences in people with DS are a result of their sedentary behavior and nutritional intake, as DS is a condition associated with decreased nutrient needs and limited exercise capacity [186] , or a characteristic of the Syndrome like their different growth pattern. In the former case, longitudinal studies monitoring micronutrient measures and their relationship with clinical status and intake in people with DS may address this issue. The latter case raises a series of fundamental questions based on previous experiences about amino acid abnormalities and thyroid dysfunction which, as mentioned above, are considered a characteristic of DS which normalization by treatment has been proven ineffective in improving their clinical status. Thus fundamental, observational or clinical studies may reveal a. whether the micronutrient profile in DS is correlated with clinical status or QoL, b. whether micronutrient supplements are able to improve these. As it remains a likely possibility that a specific different physiological pattern of amino acids, hormones and micronutrients does reflect DS. 
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